Introduction
Dyspnoea is a common symptom defined as breathing discomfort or effort to breathe [1] . It leads numerous patients to the emergency department and is considered acute when developing over hours to days. There are several proposed methods for quantifying the degree of dyspnoea, such as the Modified Medical Research Council (mMRC) dyspnoea scale and the Borg scale [2, 3] . Although there is a broad differential diagnosis for acute dyspnoea, this can usually be narrowed down quickly by medical history and clinical examination, as well as additional diagnostic testing such as pulse oximetry, blood test (brain-type natriuretic peptide [BNP] , blood count), electrocardiogram, chest radiograph, and, last but not least, echocardiography. The latter is one of the most powerful and versatile diagnostic tools available in the acute setting [4] , and is particularly important since prompt diagnosis and proper therapy can improve outcome.
Pathophysiology
Dyspnoea is a result of the inability of the respiratory and/or circulatory system to maintain a balanced gas exchange and acid-base status. The complex pathophysiology behind this symptom is related to stimulation of various mechanoreceptors and chemoreceptors involving the peripheral and central nervous system. Depending on the organ primarily involved, the patients can be categorised into two groups, namely those with a respiratory and those with a 
Respiratory
The respiratory system consists of a controller (brainstem), a ventilatory pump (peripheral nerves, chest wall, respiratory muscles and airways) and a gas exchanger (capillaries, alveoli and cell membrane). Dysfunction of any of these structures can cause an imbalance of circulating oxygen and carbon dioxide, which affects the rate and depth of breathing and is sensed as dyspnoea.
Cardiovascular
The function of the heart as a pump and haemoglobin as an oxygen transporter ensure sufficient tissue oxygen ation. Thus, any cause of heart failure or anaemia can evoke an imbalance of ventilation and perfusion, which will be sensed as dyspnoea.
Differential diagnosis of acute dyspnoea
Possible diagnoses are listed in table 1.
Clinical assessment

History
An adequate medical history is very important for narrowing down the differential diagnosis. This is not always a simple task as patients may be unable to cooperate because of physical suffering, mental status or mechanical ventilation. In such occasions, history should be supplemented with information from family members or primary care providers.
Physical examination
Initial physical examination helps the physician to recognise a patient with respiratory distress and contributes to the differential diagnosis. The examination should include inspection of skin, mouth, throat, accessory respiratory muscles and extremities, as well as a cardiovascular and neurological exploration. The diagnostic value of pulmonary auscultation may be in- 
Supplementary examination
Further evaluation consists of chest X-ray, electrocardiography and laboratory testing for biomarkers such as the natriuretic peptides. If the plasma levels of natriuretic peptides are in the normal range, dyspnoea caused by heart failure is improbable. Nevertheless, disproportionately low levels may be seen in obese patients, end-stage heart failure, right heart failure or flash pulmonary oedema [7] . In addition, in cases of cardiac tamponade or pericardial constriction, the levels of natriuretic peptides may be normal [8, 9] .
Cardiac ultrasound
Echocardiography has become one of the most effective tools for investigation of patients with acute dys pnoea.
It is fast, versatile, noninvasive, can be performed in any clinical setting and provides extensive information on cardiac morphology and function, as well as on the central blood vessels leading to and from the heart. Hence, it provides essential information with implications for diagnostic accuracy, risk assessment and proper management of patients with acute dyspnoea. In the acute setting, echocardiography can be performed as a complete comprehensive examination or as a problem-oriented approach also named focused cardiac ultrasound.
Comprehensive echocardiographic examination
A recently published consensus statement of the Work- 
Evaluation of systolic function
Depending on left ventricular ejection fraction (LVEF), patients with heart failure can be categorised into those with preserved (EF >50%, HFpEF) and those with reduced LVEF (EF <40%, HFrEF). The current ESC guidelines for heart failure introduced a new category for patients with so-called mid-range LVEF (EF 40-49%); however, this group of patients has been investigated less thoroughly than the other two groups.
The recommended method for assessing LVEF at present is the disc summation method with use of two ortho- Probably more important for clinical practice than advanced applications, is to remember a few basic considerations on echocardiographic measurement of LVEF.
Translational motion of the heart hampers the accurate interpretation of ventricular borders and wall motion and needs to be avoided, which can be difficult in patients with acute dyspnoea. Foreshortened apical views are a common problem particularly in the emergency setting; hence, the length of the left ventricle needs to be compared between four-chamber and two-chamber views, and differences above 10% should not be accepted. Finally, LVEF should be distinguished from stroke volume; although both are closely related to cardiac function, they may be discordant, such as in patients with mitral regurgitation. Recommended: -Immediately in haemodynamically unstable patients when acute heart failure is suspected -Immediately in patients with shock or hypotension when pulmonary embolism is suspected and CT is not immediately available or contraindicated -Within 48 h when cardiac function and structure are unknown or may have changed -For differentiating cardiac from noncardiac aetiology of dyspnoea in patients in whom history/clinical/laboratory clues are inconclusive -Intermediate risk patients (PESI III-IV) with suspected pulmonary embolism for further risk stratification implying different management -Evaluation of a patient without chest pain but with other features of an ischaemic equivalent or laboratory markers indicative of ongoing myocardial infarction 
Evaluation of diastolic function
Lung ultrasound
Lung ultrasound may prove to be a valuable tool for examination of pulmonary congestion in both systolic and diastolic heart failure. Increased extravascular lung water alters the normal ultrasound signal generated by the lung through reverberation artefacts known as so- 
Cardiomyopathies
Any cardiomyopathy may elicit acute dyspnoea as a symptom of acute heart failure or an acute exacerbation of chronic heart failure. Echocardiography is validated as the most appropriate imaging modality for defining the reason for acute heart failure in both the initial evaluation of a suspected cardiomyopathy and the acute deterioration of a known cardiomyopathy [12, 13] . 
Valvular heart disease
Both patients with a new heart murmur and those with known valvular heart disease may present with acute 
Prosthetic valve dysfunction
If acute dyspnoea occurs during the early post-procedural period in a patient with a prosthetic heart valve, 
Cardiac arrhythmia
Although dyspnoea is not the primary symptom of patients presenting with cardiac arrhythmias, the latter may lead to imbalance of myocardial oxygen demand and supply due to inadequate stroke volume and thus cause acute dyspnoea [32] . The role of echocardio graphy consists in excluding structural heart disease that elicits supraventricular or ventricular arrhythmias, such as ischaemic heart disease, valvular heart disease, cardiomyopathies, or systemic diseases involving the heart like sarcoidosis. Furthermore, echocardiography provides information on complications of cardiac arrhythmias such as thrombus formation or tachycardia-induced cardiomyopathy. The latter should be suspected in cases of newly diagnosed heart failure of unknown origin if patients present with sustained or paroxysmal cardiac arrhythmias (tachy arrhythmias or ventricular 
Pericardial constriction and effusiveconstrictive pericarditis
Constriction is caused by an inflamed, thickened or calcified pericardium impairing cardiac filling. The haemodynamic mechanism of reduced stroke volume is similar to that of cardiac tamponade, and mainly caused by ventricular interdependence. Constriction rarely accounts for acute dyspnea, whereas the combination of constriction and effusion encountered in effusive-constrictive pericarditis is more often involved [16] . The latter should be suspected if a restrictive mitral inflow pattern coexists with a high or normal Doppler tissue velocity of the septal mitral annulus [34] .
Clinical scenarios presenting with acute dyspnoea: noncardiac causes Pulmonary embolism
Acute dyspnoea is a common symptom in acute pulmonary embolism, being present in more than 70% of patients [35] . As other diagnostic tests such as D-dimer, CT and V/Q scanning provide higher sensitivity and specificity, echocardiography is not considered a key diagnostic test for the diagnosis of pulmonary embolism, at 
